The compactness of the @CD gauge group leads to the existence of chromomagnetic monopole configurations. The interactions of these monopoles are studied using electric-magnetic duality as a guide. It is shown that the gluon-monopole interaction acquires an extra minus sign which tends to destabilize the monopole configurations. A model is presented which exploits this observation. We present a scenario where the monopoles condense, giving chromomagnetic superconductivity, via a first-order phase transition at a scale where the electric and magnetic charges are equal, i.e. , o. = 2 .
The latter point is of significance since the interactions of pointlike monopoles with gluons and charged particles can be studied as a dual analog of point charged-particle interactions. Over the next few sections we shall use this to show that the monopole vacuum becomes nontrivial and that the monopoles undergo condensation.
BpI'p --0, shown in Fig. 2 . ( We emphasize that these vertices will be used only when one line is closed in a loop. We will never consider a situation with both electric and magnetic charges appearing as external particles. ) These lead to the one-loop diagrams shown in Figs. 1(a) and 1(b) for the 8& and P propagators. The crucial diagram for condensation is Fig. 1(b) . By our earlier arguments, this is evaluated from Fig. 1(a) by the use of the original and the dual. gauge symmetries which result in the replacement of e by -e to take care of the mixed mode nature of the vertex. Further the integrals are cut off at M. The mass correction 5m given by Fig. 1(b Fig. 1(a) is only a charge-renormalization effect. But in the Higgs mode for 8& (confinement), Fig. 1(a Fig. 1(a) . This thus provides further support for our thesis that the duality induced sign change in e is important for confinement.
Treating 8'z -P interaction as electrodynamics with erie replacement, the effective potential for P can be computed. The two sets of diagrams corresponding to 8'& and B& loops are shown in Fig. 3 We can actually compute the effective potential for P by integrating out the vector bosons. Before we do this, we dispose of a question on the effect of Fig. 1(a) . This is a contribution to magnetic charge renormalization. Since V is monotonic, whether a nontrivial minimum (P +0) can develop or not depends on whether g /e is less than or greater than 1 (see Fig. 6 ). The emergence of a nonzero value of P at the minimum is a generalized version of the Higgs mechanism which is itself the relativistic version of the Ginzburg-Landau theory of superconductivity.
In our case it is the magnetic monopole field P which develops nonzero vacuum value and condenses and so we have a magnetic superconductor in which the electric charges are confined. '
Returning to Fig. 6 
VI. CONCLUSIONS
QCD is an unbroken non-Abelian gauge theory whose most dramatic property is color confinement. In this paper we have attempted to demonstrate how confinement arises from just those deep properties (topological structure and monopoles, asymptotic freedom, and gauge symmetry) which are the essence, the heart, of non-Abelian gauge theories.
The topological structure of non-Abelian gauge theories provides for the existence of monopole-field configurations. The monopoles are important in determining the nonperturbative dynamics of the theory. In order to be able to study monopoles we have introduced a scalar field which serves as a regulator for the theory and makes the monopoles explicit. The scalar can be chosen to maintain the asymptotic freedom of the theory. The low-energy behavior of the theory is then dominated by almost pointlike monopoles of almost zero mass. These monopoles will couple to "electric" gluons and this "mixed mode" interaction is crucial for confinement. The monopole-gluon coupling is determined by duality arguments to be standard except for an extra, crucial, minus sign. This simple result is true only when all external particles are either all electric, or all magnetic.
An important sidelight which emerged from our discussion at this point was that a 1/k propagator for the gluon is dual equivalent to the statement that the gluon is propagating in a chromomagnetic superconductor.
We made our general discussion concrete by studying an SU(2) model. After regulating the theory we were left with a model of a scalar magnetic monopole, a "magnetic" photon (8"), and two massive charged gluons. An effective potential was generated by integrating out the magnetic photon and gluon loops. Because of the minus sign whose appearance was heralded by duality arguments the gluon loops tend to destabilize the potential and give rise to a minimum away from the origin. (1) the existence. of monopoles as a result of the topology of the gauge field, (2) negative couplings involving the "non-Abelian" particles 8' which were derived on the basis of electric magnetic duality and gauge invariance, and (3) the asymptotic freedom of the electric coupling constant which allowed the destabilizing contribution to become more important as e grew at low energies and eventually to overcome the magnetic contribution to V,ff at e =g.
The major theoretical problems which remain in this scenario are the introduction of the monopoles in a more natural way than by introducing a new Higgs scalar and the related question of the dynamics at P =M /e .
The physical implications of a chromomagnetic superconducting vacuum will be the subject of a sequel paper. ' We have' already demonstrated that an attractive picture of chiral-symmetry breaking emerges and we will further explore this phenomena.
We will also examine the con- 
